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[57] ABSTRACT 

Apparatus comprises winding assembly that includes a 

wire disposing or placing means (e.g., a flyer) that 



generates turns of wire about a forming means that 
preferably comprises two or more sections. The form- 
ing means or former assists in determining the config- 
uration (e.g., size and shape) of a winding turn as it is 
being generated. Coil former is longitudinally shifted 
relative to the flyer after a predetermined number of 
turns of wire are generated about a first former stage 
and an intercoil winding segment is getierated in a de- 
sired manner. During the shift, a predetermined num- 
ber of winding turns are disposed upon a second stage 
of the former. In a preferred method, the coil former 
advances at a preselected speed greater than the wind- 
ing turn feed rate while the intercoil winding segment 
is being generated. The former advances relatively 
slowly in order to secure the advantages associated 
with reduced machine part accelerations, velocities, 
and decelerations. The fonner includes a transition re- 
gion that advances through a wire disposing plane as- 
sociated with the flyer. This region includes a wire ac- 
commodating ledge or step. During development of 
the coils and generation of the intercoil segments, a 
lead is established between the segments and adjacent 
winding turns to facilitate the development of an accu- 
rate number of turns as well as the desired placement 
of wire. Advance or jump speed of the nim former is 
preselectively determined and controlled. 

19 Claims, 17 Drawing Figures 
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APPARATUS AND METHOD FOR DEVELOPING vealed that as winding speeds have been increased, the 

WINDING COILS speed of this axial movement or **jump** of a coil form 

has been increased a commensurate amount. This- in- 

BACKGROUND OF THE INVENTION creased coU fonn jump speed has been necessitated in 

The present invention, relates generally to an tm- s order to correctly position the intercoi! connecting 
proved method and improved apparatus for developing turns in the desired manner. < . 
two or more interconnected coils having different con- It has now been discovered, however, that with wind- 
figurations, for example different coil sizes or winding ing speeds increased to be in excess of 2000 r.p.m., fur- 
turn lengths per coil; and more particularly to appara- ther increases in jump speed are not effective to consis- 
tus and method for developing . coils that may be used 10 tently assure the desired placement of intercoil winding 
iii an inductive device ^ch as a dynaihoelectric ma- segments. Furthermore, even at speeds of abotit 2000 
chine. r.p.m., jump speeds and related machine part accelera- 

More specifically, the present invention relates to ap- tions have approached sufficiently high levels to. cause 

paratiis and methods for accurately developing two or at least some concern that inertia! forces acting on vari- 

more coiU^and i ntercoil winding segments £ x high IS ous machine parts are excessive, 

speeds, e.g!, at wmding speeds in excess of 2000 r.p.m.; Accordingly, it would be desirable to provide both: a 

the coils then being utilized for example as the windings . method and means for accomplishing the desired 

of an electromagnetic device such as a motor. placement of an intercoil winding segment during the. 

Approaches utilized heretofore for developing coils high speed development of coils and that could also be 
in electrical inductive or. electromagnetic devices have 20- utflized even at reduced winding speeds so as to reduce 

included utilization of coil injection tyjpe machines as the magnitude of acceleration of various machine parts 

referred to for example in the Smith U.S. Pat. Nos; and the inertial forces associated therewith. 

3^510,939 and 3,5 14,837, both of which are assigned In the case of '*wind and shed" approaches, a winding 

to the assignee of this application. The disclosures of form or arbor normally Is comprised of at least two 

these Srhith patents are specifically incorporated 25 spaced apart portions between which coil receiving 

herein by reference. means are disposed to receive winding turns developed 

These Smith patents disclose, anioiig other things, by turn placing means, e.g., a flyer. In these ap- 
one approach that niay be followed fo developing proaches, movement of the arbor relative to the flyer 
wound coils. With approaches as disclosed by Smith, as in other than the desired manner inay result in the mis- 
well as with other approaches, a. first mode of relative placement of an intercoil winding segment and . may 
movement of a wire disposing or placing hieans (such , also result in the intercoil winding segment. being bro- 
as a flyer) and a coil fornier or other suitable means is ken as it is pulled across the coil receiving means. This 
effected to develop a first coil. A second mode of rela- is particulariy true when the receiving means is in the 
live movemeht is then effected in order to wind a sec- form of a coil transfer magazine or other "pin" or 
ond coil. "blade "type receiver. When wire breakage occurs dur- 

For example, in one type of apparatus, a flyer rotates ing winding it is necessary to stop the winding equip- 
about a one or more piecei.coil form or arbor and devel- ment and "rethread" the wire along the desired wire 
bps a coil comprising a plurality of turns of a predeter- path. Almost inevitably; the portion of a coil group 
mined size; Then, after a preselected number of turns wound prior to the break must be scrapped. Then, after 
have been deyeioped to form the first coit, the winding salvaging previously wound coil groups and restarting 
iform is shifted axially relative to the flyer within a rela- the equipment, a special repair step must be subse- 
tively short transition interval, and the flyer continues quently performed to manually establish an interpole 
to develop turns for a second coil: It will be understood or intercoit-group connection. Thus, a loss of material 
thai the wire generated firoro the flyer during this transi- as well as labor results from wire breakage, 
tion interval may su1)sequently be found aiid identified, Misplaced intercoil wbiding segments, may also be 
even after placing the wound coils in a motor stator. broken during subsequent placement. of the coil group 
This wire is usually IdentiHable as the wire intercon- into the slots of a stator core. This is especially evident 
necting the adjacent coils in a coil group and is referred in those cases where misplacement of an intercoil wind- 
to herein as.aii intercoir winding segment. As will be ing segment results in .an attempt to accommodate a 
better understood from the following. description, the relatively.short coil turn in a. relatively wide expanse 
proper location; of this winding segment . between two . defined by two stator core slots; Even whe n the mis- 
different coils withiii a coll group in a preselected man- . placed intercoil winding segment is not broken, the re- 
ner relative to the coil turn developing apparatus as siiltant short winding.turn may be broken during subse- 
weii as to a stator core is of importance. Accordingly, quent operations, such as an end turn lacing operation, 
skill and care b expended during the development of Eveii when breakage of a misplaced intercoil winding 
coil groups in an effort to. assure the desiried placement segment does hot result, the tight winding turn resulting 
and location of the intercoil winding segments. . from a misplaced intercoil winding turn may -cause a 

It is also desirable, from a standpoint of efficient utili- malfunction of subsequently utilized manufacturing 

zation of machine and operator time, to operate a piece equipment, lacing machines again being one type of 

of winding equipnaent continuously and at as high a such equipment 

rate; of speed as is consistent with satisfoctory product In one piece of prior apparatus that has. been exam- 
quality during the development of a coil group. Thus, ined, it. has been determined that, at a 2000 r.p.m. 
the longitudinal or axial movement between a coil form winding speed, the winding former must jump, and an 
and a flyer is more desirably accomplished while the intercoil winding segment be formed within a pirese- 
flyer continues to rotate at a fixed, winding speed and lected 60 degrees of flyer rotation after the jump point 
develop turns of wire about the coil form at such^e^d. has been reached in the development of a coil group. 
A review of prior apparatus, and techniques ^has; re- Thus the accuracy of the number of 'turns within a coil 
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and thus coil group as welt as proper intercoil winding determined by multiplying the cross-sectional dimen- 
segment placement depended, in the examined appara- sion (in the direction of advance) of the wire times the 
tus, upon the transmission of electrical signals, opera- turn generation speed, in turns per minute. When a ro- 
tion of solenoid and mechanical linkages, and accelera- tating flyer and stationary turn former are utilized, the 
tion-moveraent-decele ration of machine parts within 5 r.p.m. of the flyer will be the same as the turn genera- 
l/6 of a flyer revolution. Since the period of time, that tion speed. Although the advance of the turn former 
elapses for 1/6 of a revolution (at a 2000 r.p.m. flyer may be effected greatly in excess of this speed, it is pre- 
speed) is only about 1/200 of a second, turn number ferred to advance the form as slow as possible in order 
accuracy has been difficult, if possible at all. to achieve. to secure the advantages associated with reduced ma- 
At increased flyer speeds, e.g.. 3000 r.p.m.. the time 10 chine part accelerations, velocities, and decelerations, 
interval for jump would be about 1/300 of a second. in the preferred embodiment, the turn former in- 
For this and other reasons, one suggested approach has eludes a turn former transition region that advances 
been to slow the speed of the flyer just prior to and dur- through a wire disposing plane associated with the 
ing a jump. Difficulties and disadvantages of this ap- flyer. The transition region preferably includes a wire 
proach are, however, self-evident. 15 accommodating ledge or step. The intercoil winding 
SUMMARY OP THE INVENTION segment is then generated from the vicinity of this 

ledge to another stage of another winding former see- 
Accordingly, it is a general object of the present in- ^j^^ 

vention to provide an improved method and apparatus event that the intercoil connecting segment 

of developing coil groups for installation in electrical 20 ^.^^^^ dislodged therefrom, the winding 

mductiye devices. ... tension pulls the intercoil segment of wire into the pre- 

Another object of the present mvention is to provide ^j^^^^jy developed coil. During development of the coils 

improved apparatus and method for accurately devel- generation of the intercoil segments, a lead is es- 

oping, at a high rate of speed, coil groups havmg at ^^1,,;^^^^^ ^^^^^^ segments and adjacent winding 

least two coilft of different sizes and interconnected by 25 ^^^^ ^.^ ^^^.^.^^^^^ development of an accu- 

an intercoil wind mg segment positioned in a desired ^^^^ ^^^^^^ ^^^^^^ placement 

fashion relauve to the winding equipment and coils ^^^.^^ Acceleration arid deceleration of the turn for- 

witJiin a given coil group. ^. ^ ^ raer is accomplished while coil turns rather than inter- 

It IS another more specific object of the present in- -i • j- * t. ■ . j 

vention to provide an improved coil developing method 30 «<»' ^"^<^">f ^S^ents are being generated, 

and apparatus that resultt in a controlled mode of rela- . " ^'f^jt r ^PP*'***"'' .^''?"« °' 

tive movement between a turn former and winding JTP^P*^** *'^"'VyK ' « P««««t.vely deter- 

placing means while an intercoil winding segment is ^nd controlled by means which, m one e.empli- 

being accurately generated at the same winding turn ""V""' co^iprises a nuid pressure responsive device in 

rate as the winding turn rate during coil development. " the form of a double acUng fluid cylinder that operates 

It is yet another object of the present invention to """"^ differentially applied fluid pressure, 

provide a coll developing method and apparatus that BRIEF DESCRIPTION OF THE DRAWINGS 

may be utilized to assist in the reduction of inertial . . .... 

forces during a coil forming operation. " ^^^ard as my invention is 

In carrying out the invention in one form, an end of Particularly pointed out and distinctly claimed in the 

wire is held so that coils may be developed by a winding concluding portion of the specification. The invention 

assembly. This assembly includes a wire disposing or however, together with further objects and ad- 

placing means (a flyer in a preferred embodiment) that vantages thereeof, may be best understood by refer- 

gcncrates turns of wire about a winding turn forming ^"ce to the following description taken in conjunction 

means that preferably comprises two or more sections. ^'''^ accompanying drawings wherein like refer- 

This forming means or ''former" is useful in assisting to numerals have been utilized to denote like parts 

determine the general configuration, e.g., size and and in which: 

shape, of wire turns (e.g., coil turns) as they are being P^G. 1 is a front pictorial view providing a perspec- 

generated. After a predetermined number of turns of type illustration of apparatus embodying the inven- 

wire are generated about a first step or stage when the ^'O" a preferred form and which may be utilized in 

forming means is a stepped arbor or turn former, the the practice of the invention In a preferred form; 

coil turn former is longitudinally shifted relative to the FIG- 2 is a bottom plan view of a coil former support 

flyer so that an intercoil winding segment is generated plale utilized in the FIG. I apparatus and illustrates, 

in a desired manner relative to the turn former and with broken outlines, relative positions of a coil former 

other parts of the apparatus. During the shift the flyer and other parts; 

continues to rotate at a substantially fixed speed of ro- FIG. 3 is a side elevation, with parts broken away and 

tation, and a predetermined number of winding turns parts in section, of the winding former support plate, 

are disposed upon a second step of the turn former. winding former, and stripper mechanism of the FIG. 1 

When more than two coils are desired for a given coil ,^ apparatus; 

group, still additional coils and intercoil winding seg- FIG. 4 is a perspective view of the stripper of FIG. 3; 

ments may be placed about the turn former in this same FIG. 5 is a side elevation of the coil former depicted 

manner. in the preceding FIGURES; 

fn the practice of one preferred form of method em- FIG. 6 is a view looking in the direction of the arrows 

bodying the invention, the turn former is advanced 6—6 in FIG. 5; 

while the intercoil winding segment is being generated. FIG. 7 is an exploded perspective view of the coil for- 

The turn former advances at a preselected speed mer and a transfer magazine shown in the preceding 

greater than the winding tumiifeed or advance rate as FIGURES; 
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FIO. 8 is a side elevation showing parts of the coil for- scription of FIQS. 2 through 9. Additional description 

Oder and some of the pins of the coil transfer magazine of a wind and shed approach is. also contained in the 

of FIG. 1 with wmding turns being generated about the referenced Smith patents. 

coil former; Still referring to FIG; 1, a brief general description of 

FIG. 9 is an enlarged view taken generally along the S the operation of the apparatus 20 and various struc* 

tines 9— 9 .of FIG. 8 with jth^ complete coil former tural t>arts thiereof will now be presented. Wiie 29 is 

being represented witii pairts broken away, to illustrate supplied from any suitable, or convenient source' such 

desirable, and lindesiiable placement of an intercoil , as the spooled wire supply 31 through . appropriate 

winding segment relative to the coil fonner and other guides shown as wire pulleys 32, 33 and through a not 

apparatus parts; 10 illustrated wire passage to the flyer 23: During opera- 

FIG. 10 is a schematic representation of a stator core tion. the wire is fed about a wire pulley 34 carried by 

having two winding coils ; accommodated in slots the flyer arm 24 and is then generated as winding turns 

thereof to illustrate the d^red arrangement of a wind- about the coil former 22. 

thg haying an intercoil winding segment positioned in In initially preparing the apparatus 20 for operation, 

a preferred maxiner; 15 a panel on the rear of the apparatujs is.opened and a se- 

FIO. 11 is a view . similar to FIG. 10 to illustrate the ries of counters and switches are set, as will be under- 

occurrence of an undesirably formed intercoil winding stood by persons skilled in the art, in order to program 

segment; the apparatus for the desired mode or sequence of op- 

FIGS. 12, 13, 14, and IS are views of the winding for- eration. For example, switches would be set to program 

mef of FTG. 5 (oriented 90 degrees for purposils of il-. 20 the machine for two pole, four pole, or six pole opera- 
lustration) iliustratiiig the development of an intercoU- tlon, and a predetenhiiied total number of winding 

winding segment in a desired fashion; turns for each pole. Selector switches or counters 

FIG. 16 is a perspective view iiliistratiiig the relation- would also be set to indicate the desired predetermined 

ship of a winding disposing means iti the form of a flyer; number of tuiiis in each coil of each coil group; a coil 

a coU former, and two of the piiis of a windlnjg receiver; 25 group normally then being wound in a sub-cycle of op- 

and \ eration of the apparatus 20. and la^r being ulilisKid ^ 

FIG i 17 is a scheniatic illustration of the pneuitiatic one pole of a main or auxiliary motor wirtding. Also 

poWer and contrbl circuit for the apparatus shown in programmed hito the machine would be the number of 

FIG. l. turns to b6 wound at the' beginning of a first sub-cycle 

w^w,^^^,t^^^^ ^r. ri,„« 3® before a wire clamp is opened, for example as taught . 

: DESCRIPTION OF THE PREFERRED i„ CmitK it « Po» v« i^i ii qi7 

. PMRODIMFNT m Smith U.S. Pat. No. 3,514.837, 

i2M»uuiMK(Ni As has been done before, another counter would also 
Referring again tb the drawings and rnore particu- be set to the total number of turns that are to be wound 
larly to FIO. 1; therie is illustrated apparatus 20 some- for a given coil group. This setting is utilized, with logic 
what similar in outward appearance to the apparatus circuitry, (again as will be understood by persons 
shown in the commonly assigned co-pending applica- skilled in the art) to de-energize a high speed flyer drive 
tion Ser. No. 130,399 of Dallas F. Smith and Richard motor, energize a* standard caliper disc brake on the 
B. Ariiold that was filed Apr. I, 1971. The entire dis- flyer mechanism, de-energize the disc brake, and en- 
closure . of . said cb-pending application Ser. No. gage the clutch for a low speed flyer drive- motor which 
130V399 is specifically incorporated herein by refer- ^ would then driv the flyer to a final turn count for the 
ence. coil groups after which the low speed motor will be de- 
>:The apparatus 20 embodies the invention in a pre- clutched and the brake Is energized to stop the appara- 
:ferredform.andmaybe utilized in the practice of a pre- tus, 

ferre'd form of my invention:. By. way of general descrip- In preparing the apparatus 20 for operation, the wire 

tion, the apparatusincludes.a windirig as^mbly or head 29 is fed through the opening 36 iii the deck or tible 

2 1 that is. a winding- turn genierating assembly, and in^ top 37 of the apparatus 20. With the electrical supply 

eludes a coil or turn' former generally denoted by the to the apparatus 20 disconnected .(for example , by 

reference numeral 22 and a; winding disposing or plac- pushing the stbp .button 38 ), a not -shown .wire clamp 

iiig means illustrated^in the. form of a flyer 23 that in ^ supported from.the deck 37. will be open. The free end 

turn includes a flyer ann 24 s^^ of the wire 29 is then manually held in place and 

clamped by the wire damp when the elecbical. supply 

Diiriiig operation of the apparatus 20 the flyer gener- is aigain connected by pushing the (electricity "on " but- 

ates winding turns aboiit.the turn former 22. The wind- ton 39. At this time, a wire cutter adjacent the clamp 

ing so developed comprises two or inore coilsjt hat. will also be energized arid snip off any excess wire ex- 

taken together, comprise a coil group .ltn the develop- tending beyond the cutter. 

mbdtibf a winamg; after a predetermined number of Thereafter, the magaziiie 28 is positioned over a lb- 
turns have been generated and a first coil developed, eating pin carried by the magazine pedestal 41 while a 
the tiim former 22 advances longitudinally or axiall y foot or manually operated switch is actuated. Up^on re- 
relative to the flyer, an intercoil winding segment is lease of such switch, the magazme 28 will be locked to 
generated^ ana a second coil having a size different the pedestal 41. Thereafter, a not shown protective 
than the first coil > is developed. Preferably, at least cover will be closed in order to isolate an operator from 
some of the winding turns are shed into a winding re- the winding assembly 21 during maching o peration. , ^ 
ceWer, e.g., between selected ones of the pins 27 of the To. commence operation of the apparatus 20, two 
coil transfer inagazine 28. A more detailed descriptloii "machine cycle start** buttons 42, 43 are depressed and 
of this operation of the illustrated apparatus and the thereupon the magazine pedestal 41 and base 3S is 
structure of the coil former and'coil transfer in|gazine raised upwardly as viewed in FIG. 1 by the rod of a 
will be^presemed herieinafter in cpimection withjh.e de* ' pneumatic cylinder. The magazine raised, until a not 
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shown limit switch is tripped by the base 40 and there- coil). This procedure is now known in the art and the 

upon the magazine is locked at a desired height relative apparatus 20 is equipped with a pair of lights 54» 56 

to the deck 37 of the apparatus. The relative position that indicate the counterclockwise or clockwise dircc- 

of the turn former 22 and magazine 28 at this time and tion of rotation of the flyer. 

during the beginning of a machine sub-cycle is Ulus- s After a predetermined number of coil groups have 

trated in FIG. 8. been developed about the winding former and disposed 

Referring again to FIG. 1, after the magazine travel in the coil transfer magazine 28, the wire 29 is cut adja- 
llmit switch has been tripped, the conventional caliper cent to the clamp under table 37, the coil former re- 
type disc brakes 45, 46 are released from brake disc 47 turns to its home or dwell position shown in FIG. 1; the 
on the flyer drive mechanism and the flyer is free to ro- 10 coil transfer magazine 28 is lowered to the position 
tate. Upon brake release, the flyer commences to to- shown in FIG. 1; and the transfer magazine 28 is ro- 
tate at a high speed under the influence of the high moved from the apparatus 20. Subsequently, the coils 
speed motor 40 and generate winding turns of a flr^t retained in transfer magazine 28 may be injected or 
coil about the former 22. Then, as a predetermined otherwise placed in the slots of a stator core. An empty 
number of turns in a first coil are developed about the 15 coil transfer magazine is then loaded onto the machine 
coil former, the interposer pin 51 is retracted and the and another machine cycle is commenced, 
rod 48 of a coil former drive cylinder (interconnected Various other structural elements shown in FIG. 1 
with a drive plate 49) drives the plate 49 into engage- include two banks of valves 60, 62 and various cylin- 
ment with an interposer pin 52. At this time, the coil ders, fluid lines, and gauges that will be descirbed in 
former 22 jumps or advances longitudinally or axially 20 more detail hereinafter in connection with FIG. 17. 
relative to the flyer 23 and the magazine 28. During ad- With reference now to FIGS. 2 through 1 1, the coil 
vance, continuously rotating flyer 23 generates.at a former 22 is supported on a coil former support mecha- 
constant winding turn rate, the flnal part of a flrst coil, nism that includes a plate 63* The plate 63 is locked 
an intercoil winding segment, and the initial part of a against rotation relative to the apparatus frame by a 
second coil. As viewed in FIG. 1, the jump of coil for- 25 pair of dowel pins 64, 66 received by a stationary part 
mer 21 would be vertically downward. of the apparatus. A bushing 67, secured to a stripper 

This development of different coils in a coil group drive rod 68 permits relative movement between the 

will continue, with succeeding ones of the interposer stripper 69 and coil former 22. 

pins 52, 53 beinjg retracted to permit advancement of As best revealed in FIGS. 3, 5 through 7, and 9, the 

the coil former relative to the flyer 23 and magazine 28 illustrated coil former 22 has three sections that have 

until the control section for the apparatus stops the ap- been fabricated as separate parts in order to facilitate 

paratus 20 upon completion of a coil group and thus adjustment of the coil former so as to permit the devet- 

one sub-cycle of the apparatus. In order to stop the opmentof coil groups for various stack heights of stator 

flyer, the hij^h speed motor 40 is de-energized /t he cali- cores. As shown, the coil former includes a first section 
^per brakes 45, 46 are energized, and the Idw speed ^^71 (generally corresponding to the "top" section re- 

' motor 59 is engaged to drive the flyer drive by engage- ferred to in the above identified Smith patents), a cen- 

ment of a clutch to drive the flyer at a reduced speed ter section 72, and a third section 73. The configura- 

during the development of the last few turns of the coils tion of the three sections 71, 72, 73 is clearly shown in 

in a coil group. FIGS. 5 through 7. 

Thereafter, pneumatic cylinder 61 retracts and pulls Inspection of FIGS. 5 and 6 reveals that the section 
all of the remaining interposer pins so that cylinder 62, 71 is provided with a pair of dowel pin receiving holes 
through rod 48, drives the plate 49 against stop bar 55. 74 that receive dowel pins carried by the plate 63, and 
At this time, the rod of another cylinder is extended with a pair of threaded passageways 76 that receive fas- 
and, through suitable linkage (as shown and described teners such as screws 91. These fasteners secure the 
for example in the above referenced Smith patents) op- section 71 to the plate 63. Similarly, dowel pin receiv- 
erates a winding turn stripper nested between sections ing passages 77 and threaded passages 78 are provided 
of the coil former 22. After the stripper advances (fur- in the central section 72. Screws 89 (see FIG. 3) secure 
ther details of the stripper are presented later herein in the section 78 to plate 63. The adjustable section 73 of 
a discussion of. FIGS. 2 through 4), all of the winding the former 22 is provided as illustrated with threaded 
turns of the coil group are positioned between selected passageways 79 into which bolts may be screwed to ad- 
pairs oif the pins 27 of the magazine 28* justably secure the section 73 to the plate 63 and a key 

While the stripper is advanced, the clamp supported 80 and keyway 95 keep these parts aligned, 

under table 37 clamps the wire 29, the piston of cylin- Referring now to FIG. 2, the plate 63 is provided with 

der 62 ts retracted,' and the coil former 22 is raised to a pair of slots 81, 82 along which the bolts received by 

the position shown in FIG. 1. The stripper cylinder then section 73 may slide so as to adjust the position of sec- 

retracts, and cylinder 61 extends the rod thereof to tion 73 relative to the sections 71, 72 of the winding 

resettheinterposerpins51— 53. Thereafter, the maga- former. In addition, the plate 63 is provided with an 

zine 28 is indexed a preselected number of degrees de- opening 83 in which the former or arbor drive tube 84 

termined by the number of poles or coil groups that are is secured, as by welding, to plate 63. 

to be wound, the coil former drive plate 49 is urged The stripper drive rod bushing 67 may slide within 

against the flrst interposer pin 51, . and another coil the drive tube 84, while the stripper actuating arm 87 

group is wound in the manner described above. An- is fastened to the drive rod 68 by means of the stripper 

other apparatus sub-cycle is then executed in the above connector section 88 and bolt 82. 

described fashion, it will be appreciated, that during During operation of the apparatus 20, at the end of 

operation of the apparatus, the flyer may rotate in a each machine sub-cycle, the stripper drive rod . 68 is 

clockwise or counterclockwise direction for any given driven axially relative to the tube 84 and the stripper 

coil group (orj.when desired, for speciflc sections of a moves downwardly relative to the plate 63 and coil for- 
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mer 22 as viewed in I'IG. 3. At this time, the stripper 
body 92 forces the side turn portions of any coils re- 
maining, on the steps or stages of the turn former sec- 
tions downwardly into a coil receiving means (such as 
magazine 28). A strap 93, festened to the stripper body 
by means of fastener blocks 94 and screws 96, insures 
that the wire extending from the flyer b positioned to 
be retained by the previously mentioned clamping 
means. * 

With emphasis now oh RGS. 5 through 7, the turn 
fonner section 71 has a plurality of stages or steps 97, 
98, 99 and 101. The adjustable section 73 on the other 
hand is provided with longitudinally extending stages or 
steps 102, 103, 104, and 106 with th^ steps corre- 
sponding, respectively, to the longitudinally extending 
steps formed on the section 71 as will be best appreci- 
ated from examining FIG. 5. The center section on the 
other hand is provided with relieved surfaces 107 
through 110 that, during the development of coils 
about the coil former 22, are generally out of the path 
of the developing coil turns. The center section 72 
does,' however, include surfaces generally denoted by 
the numeral 112 that are tangent with respective ones 
of the steps 97 etc. of section 71. . . 

The transition regions 111 separating adjacent steps 
of the turn formier section 71 is illustrated ais including 
a surface 113 inclined ffom the winding turn formation 
region 117 and terminating in a longitudinally extend- 
ing winding: turn or wire accommodating step or stage 
. 115. The longitudinal extent of this transition region is 
indicated by the letter T and the longitudinal extent of 
the step 1:15 is represented by the letter H. For reasons 
to be later presented,, the distance H is preferably at 
least as great as the maximum size of wire to be accom- 
modated thereby, such , size being measured as the 
cross-sectional dimension of the wire along the longitu- 
dinal extent of step or ledge 115. The amount of o^t 
or the Q distahce shown in FIG. 5 of the step 115 rela- 
tive to the step 98, may be widely varied but again, 
preferably/ is at teast as great or slightly greater than 
the maximum lateral dimension of wire to be accoiiir 
modated on step 115. This: lateral wire dimension 
would be the wire cross-sectional dimension measure in 
the direction of the illustrated Q dimension. The slop- 
ing or tapered: surface iportion 113 advantageously, as 
will be alter described, provides means foir shedding a 
winding turn diisposed/thereagainst, under tension, to-' 
ward the winding* turn formation re^on 117.- 
. T|ie transition regions .125 of the coil former section 
73. comprises a continuously ^pe'rihg section or surface 
region;! 16 intercpnnec.ting the steps 102 and 103* The 
lohgitudinal .extent S.of the. b>aQsition section 125 is less 
than the loiigitudin^ extent T of transition regions 111. 
The . distances between the ifree extremities: of the 
sections 71 i 73 -arid winding 'turn formation regions 
117, 118 are (within manufacturing tolerances) the 
same. This also is the case of the dimensions W be- 
tween adjacent winding turn forming regions such as 
regions 117, 119 and regions 118, 121, : 

During the generation of winding turns about the first 
steps 97; 102; the flyer will place wire approximately at 
the regions 117, 118. Then, after a desired number of 
turns have been developed about the first step 97, 102 
(which may advantageously be tapered slightly to facil- 
itate the shedding of turns therefrom in the: manner 
npw known in the. ait), the winding or coil^f^rmer 22 
is advanced or jumped to a position such that tHelurns 
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of another coil niay be generated approximately at the 
winding turn formation regions 119, 121. It should be 
noted at this point, that the coil former 22 could remain 
stationary while thie flyer is moved to effect the desired 
S relative jiimp, biit that less complicated machinery will 
probably result by jumping the coil former. 

During the relative jump,, it is desirable for the wire 
. turn being placed to move ^between adjacent steps on 
the former in a predetermined manner. This predeter- 
10 mined manner is attained in the preferred. embodiment 
and will be better appreciated by now also referring to 
FIGS. 7-11. As will be appreciated from FIG. 7, as the 
coil former 22 is advanced relative to the flyer it also 
is advanced relative to the transfer magazine 28 with 
IS pins 27 of the transfer magazine being telescopically 
received within a gap 102 between the sections 71, 72. 
This relationship is illustrated in FIGS. 7, 8 and 9. The 
tips of the pins 27 are, as revealed in FIG. 8, initially lo- 
cated relative to the winding turn disposing plane P of 
.20 the flyer so that the flyer places coil turns of wire about 
the winding former 22 above the free ends of the pins 
27. Then, as succeeding tutns of wire in a coil are gen- 
erated by the flyer^ the previously, generated turns are 
shed downwardly as viewed in FIG. 8 between prese- 
ts tected ones of the winding pins 123, 124, 126, 127 as 
illustrated. Upon completion of the formation of a first 
coil, the former 22 or other forming means being uti- 
lized is advanced downwardly relative to the plane .P 
and the pins 27 so that the relative axial position of the 
30 former 22; pins 27, and plane P, are as shown in dotted 
outline form in FIG; 8. During this, advance, the final 
portion of a first coil, an ihtercoil winding segment, and 
an initial portion of a second coil arie generated by the 
flyer, 

3^ Reference now is made to FIG. 9, which is an en- 
larged bottom plan view that would approximately cor- 
respoiid to a view taken.geherally along the lines 9— 9 
of FIG. 8. In this view, as well as FIG. 8, the identical 
pins 27 have been separately numbered for purposes of 
^0 description. During the development of a first coil 
about the steps 97, 102, the winding turns are posi- 
tioned, while being generated, for being shed into the 
gap between adjacent pins 123, 124 and . into the gap 
between adjacent pins. 126, 127. Then, when a coil of 
.a next; larger size is being developed, on steps 98,. 103, 
\ - - the turns of the larger coil will be shed into ^e gaps.be- 
tween the pins . 127, 129 and pins 123, 128. 

Assuming that coils have been developed with the in- 
tercoil. winding segment generated in the desired fash- 
ion, the coils, when subsequentiy placed in the slots of 
a statbr core, wiU generally .appear as scheniatical^ 
liistiBted in FIG. 10. In this. FIGURE, the nuinend 133 
denotes a first coil which is actuality may. comprise up 
^ J to forty or more winding turns and the. numeral 134 de- 
notes a winding coil of a larger size, the coil. 134 jagain, 
ill actual practice, normally comprising a plurality of 
winding turns. When it is desired for the coils 133.and 
134 to be serially connected,. it will be appreciated that 
it is of great convenience for the intercoil winding seg- 
ment 131, that is, the winding.s^gment connecting the 
coils 133 and 134, to be disposed as illustrated in FIG. 
10. Thus, the segment. 131 should be developed with a 
sufficient overall length so that the winding. end turns 
all will be positioned in generally the same vicinity as 
shown in FIG. 10. . 

On the other hand, when the intercoil winding segr 
ment is misplaced or developed improperly (as would 
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be indicated by the dashed Hnc wire segments 136» 137 ated. It will be appreciated from FIG. 12 that the final 

in FIG. 9), the relative positions of the coils 133, 134 winding turn 139 for coil 140 (by virtue of the move- 

and intercoil winding segments 136 for example would ment of the coil former 122 in the direction of the 

be as shown in FIG. 11. In the event that an intercoil arrow A) is placed upon the sloping or tapered surface 
binding segment is developed with a configuration as 5 1 13 of the former section 71. As the flyer continues to 

illustrated in FIG. 11» even if the windings can be move.the winding turn 139 will also be disposed against 

placed in the slots of the core 132 without breaking the the tapered surface 1 16 of the coil former section 73. 

intercoil winding segment (again assuming the intercoil The winding tension then pulls the winding turn 139 

winding segment has not been broken while being de- into proximity with the winding turn formation regions 
veloped on the winding former 22), it is difficult, if not 10 117, 118, This is shown in FIGS. 13. While the flyer 

impossible, to lace or tie together all of the winding end continues to rotate, the former 22 continues to advance 

turns of the coUs 133. 134 and intercoU winding seg- in the direction of the arrow A, and as the next turn 147 

nients. of wire is generated (see FIG. 13), the turn 147 will be 

An even greater problem can arise, however, if the disposed on the ledge or step 115 of the transition re- 

intercoil winding segment is generated as illustrated by 15 gj^^ ^^^i retained thereon, 

the broken line wire segments 136, 137 in HG. 9. More ^s will be apparent firom subsequent description, the 

specifically, the segments 136, 137 would probably be portion of the coil turn 147 disposed upon the step 115 

broken (this dependmg also on tensile strength of the |,e grouped with the coil 140. The portion ISO of 

wire and winding tension, among other thmgs) as they ^^is segment however, will be placed with the next 

were pulled across the pins 123 or 127. Were this to oc- 20 ^ ^^^^^ ^^^^^^ .^^^^^^.j 

cur, the winding turns previously developed for the il- ^-^^^ ^ ^^^^^ ^^^^ .^^^^j rtion 150 of 

lustrated coil 133 would be scrapped and other addi- ,47 1^3 of former section 73, 1 have pro- 

uonal losses wouW result as discussed hercmabove. ^j^^ ^ ^^^^ ^^^^ ^ ^•^^^ ^ ^^^^ Pjq 5^ ^-^^^ 

Prior to development of the exemplified apparatus ^j,^ ^.^^^^^ ^ 5 ^ ^^^^ ^^^^^^^ ^ 

and preferred method, misplacement of an intercoil 25 positioned on ledge 115 such as turn 

winding segment has produced this result. ^^^^ ^^^^^^ ^^^^^ ^^^^^^^ 

However, if my teachings are followed and the inter- ^ . ^^^^ ^„ ^^^^^ ^^^^^^ ^^^^ ^ 

coil winding segments are consistenUy genei^ed in the ^^^^^ advancement of 
desired manner, even at wind^ 30 the former 22 relative to the flyer. With a lead as 

the desirable intercoil winding segment configuration •'^ . ^, . ^ ^ ^ , 

•II * t?frt in Ml • ♦ *i 1* % -*». shown, the importance of the amount of difference be- 

lUustrated m FIG. 10 will consistently result Further- ^ *i. ■ j- 1 . ^ ... - ««« 

^. . I. MIL. •« . ^ tween the longitudinal extent of transition regions 111 

more, the turn number accuracy will be consistent and j j «f*i- j 1 

J J - I r u J *i and 115 13, however, reduced. With continued relative 

reduced inertial forces may be achieved even at lower ^ , ^ 

as well as hieher winding speeds movement of the former 22, the mtitial porUon of a 

In order to better appreciate the practice of a pre- 35 second coil 153 is formed with a lead on steps 98. 103 

ferred method, an additional description of the coU or ^ '^"^^ '"^f^^' Thereafter, turns 156. 157 are 

winding former 22 and relative longitudinal movement f^"*^"?!^/ ^^^^^^^ formation regions 

between the former and flyer will now be presented in * ^ "^f^- ]\ ... 

connection with FIGS. 12 through 16 as weU as FIGS. . ^ appreciated, that smce the former 22 
8 through 9 40 is moved axially at a speed greater than the winding 

It win now be clear that, during operation of the ap- t"ni feed rate, the coil turns generated during the jump 

paratus 20 in the development of one coil of a given ^2 will be spaced apart and established a 

coil group, the transfer magazine 28 remains stationary ^^^^ threads of a screw. However, as the 

in a coil turn receiving position while the flyer 21 ro- ^y®' continues to rotate about the former 22 after the 

tates about a fixed axis of revolution. Looking now at i""™?' ^ shown in FIG. 15, winding turns will be gener- 

FIG. 16, it will be appreciated that as the flyer develops ^^^d in closely spaced, shedding relationship. With this 

windmg turns/turns are shed from the cbU former be- relationship, each turn, as it is being developed, will 

tween selected adjacent ones of the pins of the coil re- fo^e the next previously generated turn toward the 
ceiving magazine. FIG. 8 also illustrates this sequence , free extremity of the winding former. To conclude this 
as previously discussed. '50 portion of the description, it should be noted that the 

With reference to RGS. 12 through 15, the relative winding turn feed or advance rate is defined as the 

jump between the coil former and flyer will be de- product, in inches or feet per mmute. of the flyer speed 

scribed. It should first be noted that the structure illus- (or turn, generation rate) in revolutions or turns per 

trated in FIGS. 12 through 15 is the same as the struc- nitnute. times the diameter or other cross^ctional di- 

ture shown in the other views of the drawings but that, mension of the wire. Winding turn rate on the other 

as compared to FIG. 8, the structure has been oriented hand equals flyer r.p.m. 

90° in FIGS. 12 through 15 to facilitate the description The means for advancing the coil former 22 at a pre- 
thereof. Furthermore no attempt has been made to il- selected rate of speed will now be described in connec- 
lustrate an exact number of turns in any coil of a coil tion with FIG. 17. it being noted that, in order to estab- 
group such as might be developed in practice; it again lish a lead between adjacent turns, it is necessary to ad- 
being noted that for any given motor design the' number vance the former 22 at a speed in excess of the winding 
of turns within a coil as well as the number of coils in turn feed rate. For the exemplified arrangement oper- 
a given coil group may be varied as required by the ating at 3000 r.p.m. with 0.0253 inch diameter wire, 
motor design. In FIG. 12, the position of the free end the winding turn feed rate is 75.9 inches per minute, 
of a magazine pin or blade 138 relative to the coil for- Thus, the speed of advance of the former 22 is in excess 
mer 22 is as would occur just as a jump was initiated of this speed and preferably, is at least about 90 inches 
while the final poHidn'oifTh'e^coTl'1l40''idib^fn*g^ per minute. ,>^p 
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In FIG. 17, reference numerals that were utilized in At the beginning of operation of the apparatus 20, a 

FIG. 1 have again been utilized to identify the schemat- manual shut off valve 216 is opened and a main supply 

ically illustrated elements that are also shown pictori- 218 of a source of air at approxiniately 80 psi (all refer- 

ally in FIG. 1. Other elements, first appearing in FIG. ence hereinafter being to a gauge pressure) opened, to 
17, bear new reference numerals. These elements in- s line 217..The air passes through a filter 219 and lubri- 

elude various pneumatic cylinders, and starting from cator 221 to a manually operated three way valve 222 

the upper left comer of FIG. 17, these cylinders include which may be utilized to vent or bleed the FIG. 17 sys- 

a fluid motor exemplified as the jump cylinder 62. This tern to atmosphere or to connect the system supply line 

cylinder provides means for advancing the coil former 223 to the 80 psi fluid source. 

22 into the coil transfer magazine 28 at the desired 10 With 80 psi of air in the tines of the system, the pres- 

jump velocity. Cylinder 61 is the jump stripper cylinder sure regulator valve 212 wilt stipply .60 psi air to one 

that retracts all interposer pins at the end of each ma- end of cylinder 62 and this tends to lower the coil for- 

chine sub-cycle. Stripper cylinder 159 advances the mer22 as viewed in FIG. 1. However, the fonner.22 is 

stripper 69 (described in connection with FIGS. 2 actually urged downwardly only by a pressure differen- 
through 4) as the jump stripper cylinder is being oper- IS tial of 20 psi because pressure regulator valve 211 

ated so that all winding turns are shed from the coil for- supplies 40 psi of air to the opposite end of cylinder 62. 

mer 22 into the coil transfer magazine 28. Cylinders With this arrangement, the jump velocity of the foimer 

161 and 162 operate the wire clamp and wire cut off 22 may readily be controlled and is also consistent from 

mechanism respectively, whereas cylinder 44 positions one jump to another. For example, if valve 211 were 
the magazine 28» pedestal 41, and base 35 of FIG. 1.. 20 replaced by a vent to atmosphere, the piston of cylinder 

The index of magazine 28 to receive succeeding coil 62 would tend to jump under a 60 psi bead as soon as 

groups is accomplished by means of cylinder 163; and an interposer pin was retracted. This in turn can result 

the magazine 28 is locked in place on the pedestal 41 in undesirably high accelerations and associated tner- 

by means of the cylinder 164. tial forces. Since the acceleration of the former 22 and 

Since numerous other elements in FIG. 17 are sub- 25 associated structure is governed by the engineering re- 

stantially identical and are represented by standard tationship: F — MA; where M equals the mass of. the 

schematic, symbols, they will be first briefly identified parts to be moved. A equals the acceleration, and F 

prior to discussing the operation^ sequence of the FIG. equals the force applied to the parts, it will be under- 

17 circuit It shoiild however, first be understood that stood that the provision of a back pressure, (e.g.. with 

whenever a FIG. 17 element is referred to as variable, pressure regulator 211) will reduce the magnitude of 

it will be a standard control component provided with the force F applied to the inass of the former and re- 

niearia such as a hand valve for manually adjusting the lated sthicture. Accordingly, the acceleration and ve- 

component during initial set up of the apparatus 20. tocity of ttie former during a jump may t>e readily con- 

A plurality of check, valves that permit substantially trolled. It should be understood that this advantageous 

unrestricted fluid flow in one.directibn but no fluid flow arrangement may be utilized for low as well as high 

in an opposite direction are denoted by the reference winding speeds. 

numerals 166-174, 176^ and 175, Also shown are a plu- . Still referring to FIG. 17, the pistons of the cylinders 
rality of adjustable needle valves that form variable re- 61 and 159 extend due to the supply of air. pressure 
strictiotis and denoted as elements 177-187. Flexible thereto through valve 204 and valves 168, 169. The rod 
Iinesare indicatedatl88, 189, 191-194, 1^^6-199, and of cylinder 161 however will be retracted with 60 
201. Mufflers, which connect exhaust lines to atmo- pounds of pressure supplied thereto from pressure reg- 
sphere have all been denoted by the single reference ulating valve 213 through valve 206. In this position, 
numeral 202. Other standard pneumatic control el- wire disposed in the wire clamp will be clamped and 
ments include solenoid operated spring return four way held in place. Also, cylinder 162 will be retracted and 
valves 203, 204, 206, 207, 208 and 209. Still other ele- a wire segment in the path of the cut off mechanism will 
ments niclude adjustable pressure regulator valves 211, be severed. The piston of cylinder 44 will also be re- 
212, 213^214. : tracted, so the magiaziiie 28 will be in the lowered posi- 
With no air in the system of FlG. 17, the. rod of cylin- tion as shown in FIG.. 1, while the piston of Index cylin- 
der 62 will be Ifully extended and the plate 49 will drop der 163 will be retracted ahid the piston of cylinder 164 
.down against the interposer pin 51 in FIG. 1. Also, the wOt be extended. 

magazine 28 will be in its loWermosi position with the Any suitable electrical or other logic circuitry is uti* 

rods of cylinder 44 fully retracted white the rods of wire lized. during operation of the apparatus 20, .to operate 

ciamp cylinder 161^and cutoff cylinder 162 will be in the valves 203, 204, 206, 207, 208 and 209 to effect the 

whatever position they were in when the air supply to sequence of machine operation discussed at the begin- 

the apparatus was interrupted. Since the stripper 69 is ning of this specification, as will be understood. . 

spriiig biased to an inoperative positioii, the rod of cyl- The control circuitry for the magazine clamp cylin- 

ihder 159 will be fully extended, as will be the rod of der and brakes 45, 46 are shown in the right-hand- por- 

jump stripper cylinder 61 (the interposer pins also tion of FIG. 17. With regard to the magazine clamp cyl- 

being spring biased to an extended position). The rod inder 164, a five port,. four way, foot operated valve 

of index cylinder 163 will be retracted uiider the weight 224 is utilized to supply line pressure to the cylindier 

of an overriding clutch and other mechanism intercon- 164 whenever it is desired to, remove or place a coil 

necting the cylinder rod. with the magazine indexing transfer magazine 28 on the pedestal 41. With respect 

structure. Similarly, the weight of the magazine will to the brake system, air is supplied through the pressure 

have caused retraction of the rod for cylinder 44. The regulating valve 214 Cset at about line pressure) so that 

rod of magazine clamp ^cylinder 164 however is ex- air at about supply pressure is supplied; to the accumu- 

cended .due to a ispring biased force exerted there- lator 226>and from there tp^a^three way solenoid oper- 

against by the magazine locking structure. ated spring^eturn vaiveV227. Then, at the desired times 
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during an operation sequence of the apparatus of FIG. both of these dimensions are at least targe enough to 
1 the valve 227 is actuated by the logic system of the accommodate the maximum size wire to be wound, 
apparatus and air is supplied to the disc brakes 45, 46 In the case of the length H of ledge 115, if a winding 
to stow or stop the flyer. turn were to overhang the edge, it could become mis- 
From the foregoing it wilt now be understood that 5 placed therefrom' prematurely and interfere with subse- 
means are provided whereby the speed and accelera- quent movement of a winding receiver, particularly 
tion of the former 22 durbig a jump or advance relative under tow winding tensions when relatively loose wind- 
to the flyer may be readily controlled and will be con- ing turns may be encountered. 

sistent in practice. Moreover, this movement is not now In the case of the dimension Q, it should first be 

restricted to the short time interval in which the flyer 10 noted that, as the pins such as pins 126-128 of FIG. 9 

passes through a fraction of a revolution. More particu- advance relative to the former 22 during a jump, the 

larly, the time period required for the former 22 to ac- opening between the pins and ledge 115 tends to close, 

celerate to a desired velocity, may occur while the final If Q were relatively small and the wire of the winding 

portion of a first coil is being developed. Then, after a had a diameter signficatntly larger than Q, the intercoil 

relatively constant velocity is attained by the former winding segment would lie in the path of one of the pins 

22, an intercoil winding segment is generated with a during the jump and possibly result in breakage of such 

lead as discussed in connection with PIG. 12. Although segment. 

a lead is preferable, the transition regions also assure As a fmal consideration, it should also be noted that 

proper placement of an intercoil winding segment. the tension of the generated winding turns can tend to 

After this segment is placed, the former 23 will decel- retain the former in a raised position. Accordingly, this 
erate while the initial portion of a succeeding coil is resistance should also be considered in establishing the 
^ being developed and then dwell while additional wind- force applied to the former 22 during a jump and par- 
ing turns for such succeeding coil are generated. ticulariy so in horizontal winding applications where 

It wiU now be appreciated that the practice of my in- ^5 force of gravity would, not tend to counteract the 

vention in a prefened form or with the exemplified ap- winding tension force as in the case of apparatus 20. 

paratus results in an intercoil winding segment being This would also be true eyen where the former advanc- 

generated away from the confines of a winding turn re- ing means comprises a powered lead screw rather than 

ceiver. As earlier mentioned, the jump speed may vary the illustrated fluid cylinder. 

from a speed slightly greater than the winding turn feed 3Q Therefore, while in accordance with the Patent Stat- 

* rate to a velocity of about 800 inches per minute, this utes, I have described what at present is considered to 

upper limit being determined by the inertial forces (i.e., - be the preferred embodiments of my invention, it will 

MA) of existing equipment designs of which I am be obvious to those skilled in the art that numerous 

aware. changes and modifications may be made therein with- 

From the preceding, it will now be seen that the pfes- 35 out departing from the invention. It is therefore aimed 

ent invention overcomes problems associated with in the appended claims to cover all such equivalent 

prior approaches and provides an improved method variations as fall within the true spirit and scope of the 

and apparatus for rapidly and efficiently developing invention. 

coil groups having at least two differently sized coils. What I claim as new and desire to secure by Letters 

Moreover, the teachings hereof may be utilized with 40 Patent of the United States is: 

equipment and processes other than the particular 1. A method of developing at least first and second 

types illustrated in the drawings and described herein. differently sized coils connected together by an inter- 

For example, horizontal rather than vertical equipment coil winding segment, the method comprising the steps 

may be operated to advantage while utilizing the inven- of: generating a predetermined number of winding 

tion. Furthermore, the invention may be utilized in 45 turns, each being of generally the same first size, at a 

connection with the development of coils that are re- first nominal winding turn rate with adjacent winding 

ceived by various coil receiving means including coil turns being generated in closely spaced relationship; 

injection tooting, as well as other types of coil turn re- generating a final first coil winding turn at the same 

ceivers as will be understood. nominal winding turn rate, and establishing a lead be- 

For example, the advantages of the invention may be tween at least two adjacent turns of the final portion of 

realized in apparatus of the type wherein coils are de- the first coil; forming an intercoil winding segment at 

ve loped and retained on the winding turn former and the same nominal winding turn rate, and establishing a 

then subsequently removed therefrom by a plurality of lead between at least part of the final first coil winding 

pins or blades. In this type of equipment, misplacement turn and the intercoil winding segment; generating an 

of an intercoil winding segment would normally not re- initial winding turn of a second coil at the same nomi- 

suit in broken windings, since the situation represented nal winding turn rate, and establishing a lead between 

by winding outlines 136, 137 in PIG. 9 could not occur at least part of the initial wmding turn of the second 

during winding. However, a wire following the path of coil and the intercoil winding segment; and generating 

dotted wire turn 137 in FIG. 9 would be placed about the remainder of a predetermined number of second 

the middle turn former section and block the subse- coil winding turns, with at least some of the winding 

quent movement of a pin or blade between the sections turns in the second coil being disposed in closely 

71, 72. Thus, even with the type of apparatus here dis- spaced relationship. 

cussed, proper placement of intercoil winding turns is 2. The method of claim 1 wherein establishing a lead 

important. Of course, reduced inertial forces would between at least two adjacent turns of the final portion 

also be benficial with this type of equipment. of the first coil comprises effecting a relative accelera- 

. In an earlier portion of this disclosure, reference was tion between ajfirst one of said two adjacent turns in a 

made to the dimensions H and Q of FIG. 5. Desirably, piredetermined direction and. the second one of said 
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two adjacent turns whUe generating the second one of ing segment, and generating at least one winding turn 

said two adjacent turns. of a second coil comprises generating turns of winding 

3. The method of claim 1 wherein establishing a lead material at a relatively uniform winding turn generation 
between at least part of the final first coil winding turn rate. 

and the intercotl winding segment comprises effecting 5 10. Apparatus for developing at least two different 
relative movement between the at least part of the final coils each having a plurality of winding turns with the 
first coil winding turn and the intercoil winding seg- coils being interconnected by an intercoil winding seg- 
ment as it is being generated. ment, the apparatus comprising: a winding turn gcner-^ 

4. A method of developing at least two differently ating assembly including a tiim former comprising at 
. sized coils connected together by an intercoil winding 10 least first and second sections; the first and second sec- 
segment, the method comprising the steps of: effecting tions each having at least two adjacent longitudinally 
relative rotation at a predetermined speed between at extending stages formed thereon with the adjacent 
least two members of a winding generatmg assembly stage of each of the first and second sections being sep- 
about a longitudinal axis of rotation and generating a arated respectively by a transition region; each of the 
predetermined number of winding turns for a first coil 15 longitudinally extending stages including a winding 
at a given winding turn feed rate while holding the at turn formation region; the longitudinal distance be- 
least two members in fixed longitudinal relationship; tween the winding turn formation region of a first stage 

, longitudinally accelerating one of the at least two mem- and the next adjacent stage of the first turn former sec- 
bers relative to the other to establish a relative velocity tion being greater than the longitudinal distance be- 
therebetween in excess of the given winding turn feed 20 tween the winding turn formation region of a corre- 
rate and generating at least part of a final winding turn sponding first stage and next adjacent stage of the sec- 
of the first coil; generating an intercoil winding seg- ond turn former section; the transition region separat- 
ment and at least part.QfjnJiutiar winding turn of the ing the first and next adjacent stage of the first turn for- 
second coil at the predetermined speed while continu- mer section comprising a generally longitudinally ex- 
tng to lon^tudinally advance the one of the at least two 25 tending winding turn accommodating step positioned 
members relative to the other at a speed that is at least laterally between said first and next adjacent stage of 
equal to the established relative velocity; forming at the first former section thereby to provide means for 
least part of an additional winding turn of the second accommodating at least a portion of an intercoil wind- 
coil while longitudinally decelerating the one of the at ing segment arranged to extend between first and sec- 
least two members relative to the other; and generating ond coils of a coil group. 

the balance of a predetermined number of winding 11. The apparatus of claim 10 wherein the winding 

turns for the second coil. turn generating assembly includes means for disposing 

5* The method of claim 4. including the step of mov- winding turns about the turn former, said means for dis- 

ing at least the initial turn of the first coil into a coil re- posing and said turn former being supported for rela- 

ceiving means prior to generating the final turn of the tive rotation at a predetermined speed about a longitu- 

first coil. . . dinal axis, the apparatus further comprising means for. 

6. The method of claim 4 wherein continuing to Ion- establishing a relative longitudinal velocity between the 
gitudinallyadvancetheoneof the at least two members former and means for disposing while the means for 
relative to the other comprises advancing the one of the disposing is longitudinally aligned with a winding turn 
at least two members at a velocity in the range of 80 formation region of a given first stage of the former and 
inches per minute to 800 inches per minute relative to for moving the disposing means and a winding tum for- 
the other of the at least two members. mation region of another stage of the former next adja- 

7. A method of developing; about an axis, at least two cent to said first given stage into relative longitudinal 
differently configured coils connected together by an alignment thereby to permit the disposing means and 
intercoil winding segmient, the method comprising the former to lead an intercoil winding segment longitudi- 
steps. of: generating a predetermined number of initial nally past the transition stage between said given first 
winding turns for a first cbil; generating the final por- stage and said another stage. 

tion of the first coil while establishing a relative axial 12. The apparatus of claim 10 wherein the winding 
velocity between at least some of the said predeter- turn generating assembly includes means for disposing 
mined number of initial winding turns and the final por- winding turns about the tum former at a p^determined 
tion of the first coil; forming an intercoil winding seg- tum formation rate and the apparatus further com- 
nient while at least maintaining a relative axial velocity prises means for effecting relative longitudinal move- 
between the final portion of the first coil and the inter- ment between the turn former and means for disposing 
coil winding segment being generated; generating at during the time that at least two winding turns are being 
least one winding turn of a second coil while maintain- disposed about the turn former thereby to permit the 
ing a relative axial velocity between the intercoil wind- generation of an intercoil winding segment across a 
ing segment and the at least one winding turn being transition region of the first section of the turn former, 
generated; and generating the balance of the winding 13. A machine for developing at least two intercon- 
turns of the second coil. nected wound coils, each coil comprising a predeter^ 

. 8. The method of claim 7 including means at least a mined number of winding turns, said machine compris- 

portion of one of the winding turns of the first coil into ing: a tum former including at least two sections each 

a winding turn receiving means while establishing the having a plurality of turn forming stages, the adjacent 

relative axial velocity between said predetermined stages of one of the sections being separated by a tran- 

number of initial winding turns and the final portion of sition region extending from one stage to another and 

the first coil. including a wire accommodating ledge located laterally 

9. The method of claim 7 wherein generating the between two adjacent stages and having a predeter- 

final portion of the first coil, forming an intercoil wind- mined longitudinal extent; a wire-placing means; means 
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fot causing a first mode of relative movement between first, coil, an intercoil winding segment, and turns of a 
said wire-placing means and said turn former to place second coil relative to the turn former; means, includ- 
winding turns of wire about said turn former and to ing at least one fluid pressure responsive device, for 
generate winding turns at a given winding turn rate; and holding the turn former and means for disposing in sub- 
means for intermittenUy causing a second mode of rela- 5 stantially fixed longitudinal alignment while the turns 
tive movement between said wire-placing means and of an initial part of a first coil and at least some turns 
said turn former to sequentially locate a winding turn of a second coil are generated, and for effectinB rela- 
formation region of at least two coil-forming stages of tive longitudinal movement between the turn former 
the turn former m a wmding turn receiving position; means for disposing at a preselected speed while at 
sa d means for mterinittently causing a second mode of lo least a portion of a final turn of a first coil, an intercoil 
relative movement effecting such movement at a veloc- ^^d, ^ ,,33^ ^ 
ity in excess of the winding turn feed rate to provide at _ conn«H • j • ^ l.. ^ ^ 
leLtaportionofthefinairumofafinitcoilandatleast IZ^^^^^^^^^^ 

a portion of an intercoil winding segment connected H^^^^tl v "JT 

thereto along a transition region between two adjacent 15 ttlZ^^^lT^^^ Tu- '""^ 

stages of said one of the sections of the turn former. '^rnl?^ con rollmg the operation of 

14. The machine of claim 13 wherein the machine responsive device including pressure regulat- 
further comprises a winding turn receiving means hav- "j^ans arranged to esteblish a fluid pressure differ- 
ing gap defining members, said gap defining members operating the fluid pressure responsive de- 
being movable into proximity with at least one of the 20 ^° ^^^^ ^® '^'^^^^ longitudinal 
former sections thereby to facilitate movement of movement between the turn former and means for de- 
winding turns from the turn former to the turn receiv- sposing, during formation of at least the intercoil wind- 
ing means. "^8 segment, may be preselectively controlled. 

15. The machine of claim 13 wherein the second apparatus of claim 17 wherein the turn for- 
mode of relative movement is effected at a velocity of 25 includes a transition region extending between two 
less than 800 inches per mintue. forming stages, the transition region comprising a lon- 

16. The machine of claim 13 wherein the predeter- gitudinally extending wire accommodating surface, 
mined longitudinal extent of the wire accommodating apparatus of claim 17 further including coil 
step of said transition region is greater than the cross- receiving means, at least a portion of said turn former 
sectional dimension of wire to be accommodated 30 and coil receiving means being movable relative to one 
thereby as measured along the direction line of the sec- another during operation of the apparatus, said former 
ond mode of relative movement including at least one transition region comprising a 

17. Apparatus for developing at least two intercon- longitudinally extending wire accommodating surface 
nected wound coils, each coil comprising a predeter- thereby to assist in accurate generation of an intercoil 
mined number of winding turns, said apparatus com- 35 winding segment at high winding turn generation 
prising: a turn former having a plurality of turn forming speeds. 

stages; a wire-placing means for disposing turns of a • * * * * * 
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